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(57) ABSTRACT 
A lightguide preform is fabricated by depositing a thin 
carbon layer (40) on a cylindrical glass mandrel (30) and 
further depositing a plurality of glassy soot layers (32) 
thereover. The resulting composite structure is heated, 
in a furnace, at a low temperature to remove the carbon 
layer (40) and then heated at an elevated temperature to 
consolidate the glassy soot layers on the glass mandrel 
to form the lightguide preform. - 

8 Claims, 4 Drawing Figures 
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FIG. 4 

DEPOSIT A LAYER OF 
CARBON ON A GLASS 

MANDREL 

DEPOSIT A PLURALITY OF 
LAYERS OF GLASSY SOOT ON 

THE CARBON COATED MANDREL 

HEAT THE SOOT-CARBON 
COATED MANDREL TO REMOVE 

THE CARBON LAYER 

HEAT THE SOOT COATED 
MANDREL TO AN ELEVATED 

TEMPERATURE TO CONSOLIDATE 
THE SOOT ON THE MANDREL 
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FABRICATION OF A LIGHTGUIDE PREFORMBY 
THE OUTSIDE WAPOR DEPOSITION PROCESS 

This application is a continuation-in-part of applica 
tion Ser. No. 802,420, filed Nov. 27, 1985, now aban 
doned. 

TECHNICAL FIELD 

The invention is directed to a technique for fabricat 
ing lightguide preforms. In particular, the preforms are 
fabricated by depositing and consolidating a glassy soot 
on a glass mandrel which becomes an integral part of 
the resulting preform. 

BACKGROUND OF THE INVENTION 
Lightguide preforms are substantially cylindrical 

boules of glass having an inner glass core surrounded by 
a glass cladding having a lower index of refraction. 
Such a preform is heated in a furnace and a lightguide 
fiber drawn from the reflowed portions thereof. There 
are several well known methods for fabricating such 
preforms. One technique referred to as the outside 
vapor deposition (OVD) process is disclosed in U.S. 
Pat. No. 3,737,292. In this process, glass particles, re 
ferred to herein as soot, are generated by a flame hydro 
lysis burner. The soot is directed onto a cylindrical 
mandrel and a plurality of layers of the soot deposited 
thereon by providing a relative lateral motion between 
the burner and the mandrel. The composition of the 
layers may be changed to alter the refractive indices 
thereof. After a sufficient number of layers have been 
built up, the mandrel is removed and the soot is consoli 
dated in a dehydrating atmosphere to form a dense, low 
OH, solid cylindrical article free from particle bound 
aries. The central opening remaining from mandrel 
removal may be eliminated in a number of ways as 
disclosed in U.S. Pat. Nos. 4,157,906; 4,251,251; 
4,344,670 and 4,358,181. The resultant composite pre 
form can be heated and drawn, with or without the 
central opening, directly into an optical fiber. 
A further technique for manufacturing a lightguide 

preform is referred to as the integral mandrel process. 
In this process a glass mandrel, which becomes an inte 
gral part of the preform, is used. The glass mandrel is 
placed in a lathe and rotated as layers of the glassy soot 
are deposited thereon. The glass mandrel, with the soot 
cladding thereon, is removed from the lathe and placed 
in a furnace to consolidate the soot on the mandrel to 
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fabricate the preform. One example of this technique 
referred to as the hybrid process is disclosed in U.S. Pat. 
No. 4,257,797 and is hereby incorporated by reference 
herein. 
Although this process has been found to be effective, 

bubbles often occur at the soot-mandrel interface partic 
ularly near the ends of the resulting preform. These 
bubbles are believed to be the result of density varia 
tions in the soot caused by overheating near the ends of 
the preform due to the relative reciprocal motion of the 
boule past the torch. Such defects will deleteriously 
effect the transmission characteristics and strength of 
lightguide fiber drawn from such a preform. 

Accordingly, there is a need for an integral mandrel 
process wherein bubbles formed at the soot-mandrel 
interface are substantially eliminated. 
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2 
SUMMARY OF THE INVENTION 

The instant invention overcomes the foregoing prob 
lem with a method of fabricating a lightguide preform 
which comprises the steps of: depositing a layer of va 
porizable material on a glass mandrel wherein said man 
drel becomes an integral portion of the preform; direct 
ing heated glass soot particles at the coated mandrel to 
simultaneously deposite the soot on the mandrel while 
vaporizing at least a portion of the vaporizable material 
to form a bond, having a low interfacial strength, be 
tween the glass mandrel and the initial soot layers de 
posited; and consolidating the soot on the glass mandrel 
at an elevated temperature to form the preform. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a prior art process of depositing soot 
on a removable mandrel; 
FIG. 2 shows a prior art process which uses an inte 

gral mandrel to fabricate a lightguide preform; 
FIG.3 depicts the fabrication of a lightguide preform 

using the instant inventive technique; and 
FIG. 4 is a block diagram setting forth the instant 

preform fabrication process. 
DETAILED DESCRIPTION 

FIG. 1 shows the known technique of depositing 
glass soot 10 on a tapered mandrel 12 using a flame 
hydrolysis torch 14. The torch 14 reciprocates along the 
length of a portion of the mandrel 12 to preheat and 
deposit a predetermined number of layers of glassy soot 
thereon to form a porous soot boule 16. The mandrel 12 
is then removed and the porous soot boule 16 placed in 
a furnace (not shown) at an elevated temperature to 
consolidate the boule into a lightguide preform. 
An alternative known technique is shown in FIG. 2 in 

which a solid glass mandrel 30 which may be preheated 
is placed in a lathe and rotated as layers of porous, 
glassy soot are deposited thereon. Once the desired 
number of soot layers 32 have been deposited, the man 
drel 30, with the soot layers thereon, is heated in a 
furnace to consolidate the layers on the mandrel. In this 
technique the glass mandrel 30 remains in place and 
becomes an integral part of the resulting preform. 
Although this integral mandrel technique is effective 

for fabricating lightguide preforms, problems arise in 
that bubbles 36 tend to form proximate the ends of the 
preform and often appear as a helical circumferential 
ring pattern. As hereinbefore indicated, it is speculated 
that the bubbles 36 are the result of density variations in 
the soot caused by overheating near the ends of the 
boule due to the relative reciprocal motion of the boule 
past the torch 14. The bubbles 36 will remain in the 
lightguide fiber drawn from the preform resulting in 
poor transmission characteristics and strength of such a 
fiber. 
A high density soot layer is desired at the soot man 

drel interface in order to reduce the void volume that 
must be removed during consolidation. Also, less void 

0 volume results in reduced soot shrinkage and, thus, less 
relative motion between the consolidating soot and 
mandrel. 
The disadvantage of a high soot density at the man 

drel surface is that high density is obtained by a high 
deposition temperature which also causes a greater 
adherence of the soot to the mandrel. A strong bond at 
the mandrel/soot interface decreases the mobility of the 
soot which is required during consolidation to obtain a 
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void free glass. Furthermore, reduced soot mobility 
exacerbates the problem of having a variety of pore 
sizes because larger pores require greater rearrange 
ment of the soot particulate for complete void removal. 
Thus, a uniform soot deposit producing a uniform pore 
structure is also critical to obtaining a void free glass. 
The bond strength at the mandrel/soot interface also 

effects the axial shrinkage of the integral mandrel dur 
ing consolidation. Soot consolidation provides an axial 
compressive stress on the mandrel causing it to shrink. 
This stress is resisted by the viscosity of the mandrel at 
the consolidation temperature. The net axial shrinkage 
of the mandrel, therefore, depends upon the soot den 
sity (higher density =lower shrinkage stress), mandrel/- 
soot interfacial bond strength (higher bond strength 
=higher shrinkage stress), and mandrel viscosity at the 
consolidation temperature (higher viscosity =greater 
resistance to axial shrinkage stresses). 

In order to obtain the desired high soot density with 
out the undesirable high bond strength at the mandrel/- 
soot interface, a vaporizable layer was deposited on the 
mandrel surface prior to soot deposition. The vaporiz 
able layer may be removed simultaneously during soot 
deposition or later in the consolidation step. The pur 
pose of the vaporizable layer is to reduce the bond 
strength at the mandrel/soot interface by preventing 
soot deposition directly onto the virgin mandrel sur 
face. The deposition temperature and, therefore, the 
soot density remain high, but adherence of the soot to 
the mandrei is reduced by the presence of the remov 
able layer. 
FIGS. 3 and 4 set forth an exemplary embodiment of 

the instant technique which overcomes the foregoing 
problems. FIG.3 depicts a torch 14 depositing layers of 
glassy soot 32 on a glass mandrel 30. However, prior to 
the soot deposition process, a thin coating of flame 
deposited carbon 40 is deposited on the surface of the 
glass mandrel 30. The composite structure shown in 
FIG. 3 is initially heated in an oxygen containing atmo 
sphere in a furnace at a temperature below the consoli 
dation temperature of the glass soot 32. Such heating of 
the porous soot boule results in a C--O2-CO2 reaction 
at relatively low temperatures (<500 C.) well before 
consolidation and the closure of pores in the soot boule. 
The resulting CO2 gas is then flushed from the interface 
of the glass mandrel 30 and soot layers 32 by directing 
typical consolidation gases, consisting primarily of he 
lium, with or without a gaseous dehydrating agent such 
as chlorine, through the furnace. Alternatively, these 
carbon removal and consolidation/dehydration steps 
can be done simultaneously by adding a small amount of 
air or oxygen to the consolidation gas composition. 
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Part or all of the carbon layer 40 may also be re 
moved during deposition of the silica soot 32 by oxida 
tion to gaseous carbon dioxide by the deposition flame. 
Other materials which could form gaseous products at 
the surface of the mandrel, without reacting with the 
soot particulate, could also be candidates for the remov 
able layer materials. s 
Once the carbon 40 and the CO2 have been removed, 

the soot coated glass mandrel 30 is consolidated into a 
preform by elevating the temperature of the furnace. 
Surprisingly, the consolidated boule has been found to 
be substantially free of bubbles 36. The removal of bub 
bles near the ends of the boule implies that by using a 
carbon layer at the mandrel-soot interface a greater soot 
density range, including higher soot densities, can be 
accommodated, making the integral mandrel technique 
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4. 
applicable to a wider variety of process conditions and 
mandrel sizes. 

In an exemplary embodiment a cylindrical glass rod 
having a diameter of 13 mm was used as the mandrel 30. 
A carbon layer 40 having a thickness of < 1 mm was 
flame-deposited on the surface of the mandrel 30 and 
over 200 layers of a glassy soot having a total thickness 
of 2.5 cm was deposited thereover. The soot boule was 
then heated to a temperature of > 400° C. in an oxygen 
atmosphere to remove the carbon layer 40 and the re 
maining composite structure subjected to an elevated 
consolidation temperature of near 1500 C. to form a 
lightguide preform. 

It is to be understood that the embodiments described 
herein are merely illustrative of the principles of the 
invention. Various modifications may be made thereto 
by persons skilled in the art which will embody the 
principles of the invention and fall within the spirit and 
scope thereof. 
What is claimed is: 
1. A method of fabricating a lightguide preform, 

comprising the steps of 
depositing at least one layer of carbon on a glass 

mandrel; 
depositing at least one layer of glass soot on the car 
bon coated glass mandrel; 

heating the soot and carbon coated mandrel at a tem 
perature below the glass soot reflow temperature 
to oxidize the carbon to CO2 which is exhausted 
through the interstices of the porous soot; and 

consolidating the soot layers on the mandrel, at an 
elevated temperature, to form the preform. 

2. The method as set forth in claim 1, comprising the 
steps of: 

reflowing a portion of the preform; and 
drawing a lightguide fiber from the reflowed portion. 
3. The method as set forth in claim 1, wherein the 

glass mandrel is formed from a glass tube having a plu 
rality of glassy layers deposited on the inside surface 
thereof. 

4. The method as set forth in claim 1, wherein the 
glass mandrel is a solid glass rod. 

5. A method of fabricating a lightguide preform, 
comprising the steps of: 

depositing a layer of carbon particles on a glass man 
drel wherein said mandrel becomes an integral 
portion of the preform; 

directing headed glass soot particles at the coated 
mandrel to simultaneously deposit the soot on the 
mandrel while vaporizing at least a portion of the 
carbon to form a bond, having low interfacial 
strength, between the glass mandrel and the initial 
soot layers deposited; and 

consolidating the soot on the glass mandrel, at an 
elevated temperature, to form the preform. 

6. The method as set forth in claim 5, characterized 
by: 

vaporizing any carbon remaining at the glass man 
drel-soot interface and removing same through the 
interstices of the soot during the heating associated 
with the consolidation step. 

7. A method of manufacturing a lightguide fiber, 
comprising the steps of: 

fabricating a lightguide preform by depositing a layer 
of carbon on a glass mandrel wherein said mandrel 
becomes an integral portion of the preform; 

directing heated glass soot particles at the coated 
mandrel to simultaneously deposit the soot on the 
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mandrel while vaporizing at least a portion of the drawing a lightguide fiber from the reflown portion. 
carbon material to form a bond having low interfa- 8. The lightguide preform fabricating method as set 
cial strength between the glass mandrel and the forth in claim 7, wherein: 
initial soot layers deposited; the consolidating and heating steps are accomplished 

consolidating the soot on the glass mandrel, at an 5 simultaneously to remove any carbon while re 
elevated temperature, to form a preform; flowing a portion of the preform from which the 

heating the preform to a temperature to reflow a fiber is drawn. 
portion therof, and sk xk at k . 
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